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Description 

[0001 ] This invention relates to a method of forming bodies from plastic mixtures in which a new vehicle composition 
allows for a drying schedule of much shorter drying time than what has been used up to this time. Moreover, the drying 
5 shrinkage is substantially reduced resulting in crack-free bodies without adversely affecting the rheology of the forming 
mixtures or the properties of the body even after heat-treating or sintering. 

Background qf the Invention 

io [0002] Bodies made, of ceramic material, activated carbon, and zeolite are used in a variety of applications such as 
catalytic or substrates for catalysts, adsorption of hydrocarbons and other impurities from gas streams (frequently air) 
and liquids, etc. 

[0003] US-A-5,344,799 discloses a method for making a dried crack-free body, the method comprising: 

is a) forming a wet mixture comprising powder selected from the group including ceramic, glass ceramic, carbides, 
silicates, lithium aluminosiiicates and combinations thereof, plasticizing organic binders such as cellulose ethers, 
cellulose ether derivatives, and combinations thereof, and additional components including oleic acid derivatives, 
linoleic acid, linoleic add derivatives, linolenic acid, linolenic acid derivatives, ricinoleic acid, ricinoleic acid deriva- 
tives, and combinations thereof in amounts of 0.3-10%, 

20 b) forming said mixture into a green body. 

c) drying the green body, e.g. by dielectric drying. 

[0004] EP-A-2 10,874 discloses a green ceramic precursor tape with a thickness not greater than 25nm for dielectric 
ceramics which is prepared from a slip composition comprising a dielectric component, a cellulosic resin and a binder. 

25 [0005] One common method of making these bodies is by shaping a plasticized mixture of the respective powders, 
binders, etc. carried in a vehicle. Normally, the vehicle is water. The shaped bodies are dried and often heat-treated. If 
the powders have a very high surface area, which is most often the case with activated carbon and molecular sieve par- 
ticularly zeolite, and when water is the vehicle, a very large amount of water is needed to adequately wet the powders 
and binders. Hence, the drying time can be very long, e.g., normally about 4 days at about 95°C for bodies made of 

30 activated carbon. The long drying time is needed to prevent rapid loss of a large amount of water which results in non- 
uniform shrinking and cracking in the body, thus undermining its strength, length of life, and catalytic and adsorption 
properties. 

[0006] Therefore, it would be advantageous to be able to accomplish drying in a shorter time and at the same time 
avoid non-uniform shrinking and cracks and preserve properties of strength, life and adsorption and catalytic proper- 
35 ties. 

[0007] The present invention provides a method of forming these bodies which achieves these results. 
Su mmary pf the Invenfipn 

40 [0008] In accordance with one aspect of the invention, there is provided a method for making a crack-free body, the 
method comprising: 

a) forming a wet mixture of powder selected from the group consisting of ceramic, glass-ceramic, glass, molecular 
sieve, activated carbon, and combinations thereof, plasticizing organic binder which is a cellulose ether, and vehi- 

45 cle, characterized in that the vehicle is water and an additional component selected from the group consisting of 
oleic acid , oleic acid derivatives, linoleic acid, linoleic acid derivatives, linolenic acid, linolenic acid derivatives, rici- 
noleic acid, ricinoleic acid derivatives, and combinations thereof, the vehicle content is 60% to 200% by weight 
based on the powder content, and the surface area of the powder is at least 300 m 2 /g, 

b) forming said mixture into a green body; and 
so c) drying the green body, 

and wherein if the powder is conducting, the drying which is optionally preceded by a pre-drying under microwave 
radiation is done by a controlled humidity drying procedure comprising the steps of 

i) heating the green body at a temperature of 35°C to 90°C at a relative humidity of 90% to 95% for a time of 1 
55 to 7 hours, and thereafter 

ii) heating the green body at a temperature of 88°C to 95°C at a relative humidity of 90% to 95% for 1 to 7 
hours, and 
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if the powder is non-conducting the drying is done by a method selected from the group consisting of microwave 
drying and dielectric drying. 

Detailed Description of the Invention 

5 

[0009] The present invention relates to a method of making bodies of ceramic, glass-ceramic, glass, activated carbon 
and molecular sieve, especially zeolite. A plastic mixture of the powders, binders, vehicle is shaped into a green body 
which is then dried and heat-treated or sintered. 

[0010] By replacement of part of the water vehicle with a high boiling water-immiscible component such the organic 
w acids as oleic acid, linoieic acid, ricinoleic acid, or their derivatives or any combination of these, (most typically a 1 .1 by 
weight replacement), drying can be accomplished without appreciable shrinking, or cracking and normally in much 
shorter time than if water alone were the vehicle. 

[0011] Furthermore, the organic acids and/or their derivatives, like water, can function as a plasticizer in a matrix of 
cellulose ethers as methylcellulose and/or their derivatives when present in a relatively targe amount £5% (based on 

is powders). Therefore a replacement of water by these organic acids and/or their derivatives does not adversely affect 
rheology for forming processes such as extrusion. In fact a forming mixture can be advantageously modified in texture 
by the presence of these organic acids and/or their derivatives. For example, such mixtures are less sticky for ease in 
clean-up of equipment. Mixture rheology is enhanced for better forming, e.g. extrusion. The good compatibility of these 
organic acids and/or their derivatives and a matrix of cellulose ethers and/or their derivatives as reflected in an efficient 

20 plasticizer role of oleic acid can enable high boiling solvents such as oleic acid to replace water in a mixture in a large 
quantity, thus resulting in reduction of water for a fast, crack-free drying. 

[001 2] The desirable properties of heat-treated or sintered bodies such as strength and adsorption properties are pre- 
served. 

[001 3] A wet mixture is first formed of the following components: powders of ceramic, glass, glass-ceramic, molecular 
25 sieve, preferably zeolite, activated carbon, and combinations of these, plasticizing organic binder which can be cellulose 
ethers ano7or their derivatives, vehicle and optional additions of organic and inorganic co-binders, surfactants, and lubri- 
cants. 

[0014] Unless otherwise indicated, the weight percents of the mixture components other than the powders, i.e., the 
various binders and vehicle are based on the powder content according to the following formula: 

30 

wt. of component other than powder 1Q0 
wt. units of powder 



35 In the case of molecular sieve, e.g. zeolite, the weight of the powder is considered to be the weight of the molecular 
sieve in addition to the weight of the Si0 2 as-fired which would be the Si0 2 content resulting from firing of the silicone 
resin: 

wt of component other than powder and SiO 2 as-fired 
40 wt molecular sieve + Si0 2 as-fired X 



The powders 

45 [001 5] The invention is especially suited to powders of high surface area, that is, having a surface area as measured 
by N 2 BET of at least about 300 m 2 /g, and usually at least about 400 m 2 /g. 



Activated carbon powders 

so [0016] Activated carbon is characterized by a very high surface area, generally above about 500 or 600 m 2 /g, and a 
microstructure having a fissured surface and internal microporosity of pore sizes in the range of about 2 to about 10 
angstroms. A primary tool for the characterization of activated carbon is BET surface area measurement using nitrogen 
adsorption. 

[0017] Depending on the application, the nature of the activated carbon can vary as far as particle size, surface area, 
55 adsorption capacity for hydrocarbons, adsorption efficiency, porosity, pore size, etc. The carbon can be a single type or 
a blend of types based on for example, precursor source, particle size, porosity, etc. 

[0018]- For hydrocarbon adsorption.applications.-the.preferred type of activated carbon is what is considered to be a 
collection of very small graphitic platelets which are bound together with an open structure leading to high surface area. 
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(1) One advantageous type of activated carbon is that having an average particle size of about 3 to 1 0 micrometers 
in diameter and surface area as measured by N BET method of about 1 050 to 1300 m 2 /g. 

(2) Another advantageous type of activated carbon is that having about 80% by weight activated carbon particles 
of (1). and about 20% by weight of the activated carbon particles of average particle size of about 10 to 50, prefer- 

5 ably 20-50 micrometers in diameter and a surface area as measured by N 2 BET method of about 1300 to 1350 

m 2 /g. 

[0019] One source of activated carbon type (1) suitable for use in this invention is BPL F3 activated carbon available 
from Calgoh Corp. in several particle sizes and at different measurements of surface area. A particular preferred variety 
io of activated carbon from this source is the "6x1 6" mesh size, which is available at a surface area of about 1 050 to about 
1300 m 2 /g. 

[0020] Another especially suited combination of activated carbon powders is 80% Calgon Carbon BPL-F3 R and about 
20% Nuchar R SN-20 which is a coarse powder available from Westvaco, having an average particle size of about 20- 
50 and usually about 30 micrometers in diameter and a surface area as measured by N 2 BET method of about 1300- 
15 1350 m 2 /g. 

Molecular sieve powders 

[0021] Molecular sieves are crystalline substances having pores of size suitable for adsorbing molecules. 
20 [0022] Some types of molecular sieves which are preferred for the practice of the present invention are carbon molec- 
ular sieves, zeolites which are especially suited and are preferred, aluminophosphates, metal lophosphates, silicoalumi- 
nophosphates, and combinations of these. 

[0023] Carbon molecular sieves have well defined micropores made out of carbon material. 

[0024] Some preferred zeolites are faujasite type, especially preferred of which is Y zeolite, pentasil preferred of which 
25 ' are ZSM type such as ZSM-5 most preferred of which have Si02/AI 2 0 3 mole ratios of greater than about 25, and mor- 
denrte, and beta, and combinations of these. 

[0025] Especially suited to the practice of this invention are zeolites having a surface area of at least 400 m 2 /g, e.g., 
Y zeolite having a surface area of at least 600 m 2 /g and ZSM-5 zeolite having a surface area of at least 400 nrrVg. 
[0026] A zeolite can be used as formed or ammoniated, but is preferably in the H + form, or ion exchanged with an 
30 alkali or alkaline earth metal but preferably with a transition metal, e.g., atomic number 21 through 79, as a noble metal, 
eg., Pt or Pd, etc., as is known in the art depending on the adsorption or conversions which are desired. 

Ceramic, glass ceramic and glass powders 

35 [0027] It is to be understood that any powders included under the above class or which when fired yield materials in 
the above described class can be used. By combinations is meant physical or chemical combinations, eg., mixtures or 
composites. Examples of these powder materials are cordierite, mullite. clay, talc, zircon, zirconia, spinel, aluminas and 
their precursors, silicas and their precursors, silicates, aluminates, lithium aluminosilicates, alumina silica, feldspar, tita- 
nia, fused silica, nitrides, carbides, borides, eg., silicon carbide, silicon nitride or mixtures of these. 

40 [0028] Especially suited are ceramic materials, such as those that yield cordierite, mullite, or mixtures of these on fir- 
ing, some examples of such mixtures being, for example, about 55% to about 60% mullite, and about 30% to about 45% 
cordierite, with allowance for other phases, typically up to about 10% by weight. Some ceramic batch material compo- 
sitions for forming cordierite that are especially suited to the practice of the present invention are those disclosed in U.S. 
patent 3,885,977 which is herein incorporated by reference as filed. 

45 [0029] In accordance with a preferred embodiment, one composition which ultimately forms cordierite upon firing is 
as follows in percent by weight, although it is to be understood that the invention is not limited to such: about 33 to about 
41 , and most preferably about 34 to about 40 of aluminum oxide, about 46 to about 53 and most preferably about 48 to 
about 52 of silica, and about 1 1 to about 1 7 and most preferably about 12 to about 16 magnesium oxide. 
[0030] The powders can be synthetically produced materials such as oxides, hydroxides, etc, or they can be naturally 

so occurring minerals such as clays, talcs, or any combination of these. The invention is not limited to the types of powders 
or raw materials. These can be chosen depending on the properties desired in the body. 

[0031] Some typical kinds of powder materials are given below. The particle size is given as median particle diameter 
by Sedigraph analysis, and the surface area is given as N 2 BET surface area. 

[0032] Some types of clay are non-delaminated kaolinite raw clay, having a particle size of about 7-9 micrometers, 
55 and a surface area of about 5-7 m 2 /g, such as Hydrite MP™, those having a particle size of about 2-5 micrometers, and 
a surface area of about 10-14 m 2 /g, such as Hydrite PX™, delaminated kaolinite having a particle size of about 1-3 
micrometers, and a surface area of about 13-17 m 2 /g, such as KAOPAQUE-10™, calcined clay, having a particle size 
of about 1-3 micrometers, and a surface area of about 6-8 m 2 /g, such as Glomax LL. All of the above named materials 
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are sold by Dry Branch Kaolin, Dry Branch, Georgia. 

[0033] Some typical kinds of talc are those having a particle size of about 6-8 micrometers, and a surface area of 
about 5-8 m 2 /g, such as Pfizer talc 95-27, and 95-28. 

[0034] Some typical aluminas are coarse aluminas, for example, Alcan C-700 series, such as those having a particle 
5 size of about 4-6 micrometers, and a surface area of about 0.5-1 rrftg, eg., C-701™, fine alumina having a particle size 
of about 0.5-2 micrometers, and a surface area of about 8-1 1 m 2 /g, such as A-16SG from Alcoa. 
[0035] One typical kind of silica is that having a particle size of about 9-1 1 micrometers, and a surface area of about 
4-6 m 2 /^. such as IMSIL™ sold by Unimin Corporation. 

[0036] In general, the powder material is fine powder (in contrast to coarse grained materials) some components of 
w which can either impart plasticity, such as clays, when mixed with a vehicle such as water, or which when combined with 
organic materials such as methylcellulose or polyvinyl alcohol can contribute to plasticity. 

The organic Bincter 

is [0037] The organic binder imparts plasticity to the mixture. Organic binder according to the present invention refers 
to thermally gellable binders: cellulose ether type binders and/or their derivatives, most typically methylcellulose, 
hydroxybutylcellulose, hydroxybutyl methylcellulose, hydroxyethylcellulose, hydroxymethylcellulose, hydroxypropylcei- 
lulose, hydroxypropyl methylcellulose, hydroxyethyl methylcellulose, sodium carboxy methylcellulose, and mixtures 
thereof. Advantageously methylcellulose and/or methylcellulose derivatives are used in the practice of the present 

20 invention. Methylcellulose, hydroxypropyl methylcellulose, and combinations thereof are especially preferred. Preferred 
sources of cellulose ethers and/or derivatives thereof, are Methocel R A4M and K75M from Dow Chemical Co. Meth- 
ocel R A4M is a methylcellulose binder having a gel temperature of 50-55°C, and a gel strength of 5000 g/cm 2 (based 
on a 2% solution at 65°C). Methocel R K75M is hydroxypropyl methylcellulose. 

25 The co-binders 

[0038] According to this invention co-binder can be an organic binder that can be used to enhance the plasticity char- 
acteristics of the mixture. Polyvinyl alcohol (PVA) and silicone resins have been found suitable to use as a co-binders. 
Co-binder can be an inorganic binder such as bentonite clay that is used to enhance strength in the formed body. 

30 [0039] The silicone resin can be any one or combination of silicone resins available commercially today. The preferred 
resins are crosslinkable silicones containing reactive silanol groups. The silicone resin is added to the mixture in the 
form of an aqueous emulsion of silicone in water. Ready prepared emulsions are available commercially. For example, 
some especially suitable commercial silicone resin emulsions are resin 1-0468 and 1-0469, which are supplied by Dow 
Corning. Resin 6-2230 from Dow Corning is in powder form and can be added to the mixture with an appropriate sol- 

35 vent such as isopropyi alcohol or pre-dissolved in dibasic ester solvent. All yield about 50% SiOg on heat-treating. 
[0040] Bentonite refers to a class of clays containing montmorillonite as the essential mineral. This type of clay con- 
tains aluminum silicate with about 3-4 wt % MgO. This is a very fine clay which can contribute plasticity to a mixture 
and contribute bonding power to both the as-formed and the dried bodies. Different grades of bentonite are available 
from different suppliers and can vary somewhat in particle size and impurities depending on the deposit from which they 

40 come and on the degree of processing. The clay is of fine particle size for even distribution throughout the mixture. Gen- 
erally the average particle size of the bentonite is less than one micrometer in diameter. Suitable bentonite clays, espe- 
cially as far as fine particle size, are those which are similar to that which was in the past supplied by Georgia Kaolin 
under the name of Bentolite L R . bother suitable bentonite clay is supplied by Dry Branch Kaolin under the name of Ben- 
tonite K-129. 

45 [0041] One especially suitable combination of co-binders is polyvinyl alcohol, silicone resin, and bentonite clay. 
The vehicle 

[0042] The vehicle is composed of water and at least one additional high boiling water immiscible component which 
so can be oleic acid, linoleic acid, linolenic acid, ricinoleic acid and their derivatives. The procedure is especially suited to 
water and oleic acid. However, mixtures of the acids and/or their derivatives can be used. For example, a commercial 
tall oil fatty acid produced from Westvaco: L-1 , L-5, 1 470, and 1 483 which generally contains a mixture of oleic and lino- 
leic acids of about 90% can be used. Westvaco L-5 is a mixture of oleic acid and linoleic acid and is especially suited 

for drying zeolite mixtures. ■— — 

55 [0043] The total vehicle content in the mixture is at least 60% to 200% by weight based on the powders. 

[0044] One advantageous vehicle composition is oleic acid and water with the oleic acid content being 5% to 1 10% 
by weight based on the powder content jn the mixture. At these levels it is advantageous that the water content in an 
activated carbon mixture be 160% by weight based on the carbon, while for a zeolite mixture the water content is advan- 
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tageously 70% to 90% by weight based on the zeolite and Si0 2 as fired, and for a ceramic mixture the water content is 
advantageously 30% by weight based on the ceramic powder. These vehicle compositions afford a special advantage 
of improved rheology in the respective mixtures. 

[0045] An especially advantageous vehicle composition when the powder is activated carbon is oleic acid and water 
5 with the oleic acid content being 20% to 1 10% by weight based on the activated carbon content. This vehicle composi- 
tion results in short drying times without cracking the activated carbon body. 

[0046] An advantageous vehicle composition when the powder is zeolite is oleic acid and water with the oleic acid 
content being 10% to 60% and more advantageously 20% to 60% by weight based on the powder content which is 
taken to be the zeolite in addition to Si0 2 measured on an as-fired basis. This vehicle composition results in short drying 
10 times without cracking the activated carbon body. 

[0047] Some mixtures that can be used in the practice of this invention are given below although it is to be understood 
that any mixture of the above components can be used. 

[0048] The preferred powders are activated carbon or zeolite. With activated carbon and zeolite, the co-binders are 
advantageously silicone resin or a combination of silicone resin and bentonite clay. 
is [0049] Another advantageous co-binder system for activated carbon mixtures is a mixture of bentonite clay and pol- 
yvinyl alcohol. 

1 . Activated carbon, plasticizing organic binder, co-binders of PVA, silicone resin, and bentonite, water, and oleic 
acid. For example one advantageous composition is activated carbon composed of 80-100% BPL, balance Nuchar, 

20 0-2% PVA, 4-8% methylcellulose, 20-50% silicone resin, and 10-30% bentonite clay and total vehicle content of 
150-200%, of which 20-1 10% is oleic acid. 

2. Zeolite, plasticizing organic binder, silicone resin co-binder preferably dissolved in dibasic ester solvent, water, 
and oleic acid. For example one advantageous composition is Y zeolite, 4-10% methylcellulose, silicone resin to 
yield 5-30% Si0 2 on firing (predissolved in dibasic ester), 70-95% zeolite, and 60-90% total vehicle, vehicle being 

25 composed of 30-80% water, and 10-60% oleic acid. More details on processing of these systems will be described 
in the Examples that follow. 

3. Ceramic, glass, and/or glass ceramic powder, plasticizing organic binder, optional PVA co-binder, and vehicle of 
water and oleic acid. 

so For example, any of those powders compositions previously given, up to 12% organic binder which is most typically 
methylcellulose or hydroxypropyl methylcellulose, up to 6% PVA, and vehicle of water and oleic acid in amount sufficient 
to wet the powders. 

[0050] The mixture is formed by dry blending the solid components and then mixing the liquid components with water. 
One technique of mixing, although it is to be understood that the invention is not limited to such is to place the dry 

35 blended components in a mix mulier or other type of mixer such as a sigma blade or double am mixer. While the solids 
are being mixed, the liquids (co-binders and vehicle) are added. Oleic acid can be added prior to the addition of any 
other liquid component. For example, with activated carbon powder mixtures, plasticizing organic binder e.g., methyl- 
cellulose, PVA. bentonite. and carbon powders are mixed with oleic acid as in a Uttleford mixer for generally about 3 
minutes. For zeolite powders, the zeolite is mixed with the oleic acid for about 3 minutes. Plasticizing organic binder 

40 e.g., methylcellulose is then added with additional mixing for about 3 minutes. Once the liquid has been added, the 
mulier or other mixer is run until the batch compacts and becomes plasticized. 

[0051] The vehicle content in the mixture can be adjusted in order to impart optimum plasticity and handleability to 
the mixture. As the mixture is being mixed and vehicle is being added, a point is reached at which the vehicle is suffi- 
cient to wet all the particles. Continued mixing compacts the powder by removing air, and the compacted powder starts 
45 to agglomerate into lumps. Continued mixing results in these lumps becoming plastic. Excess water makes these lumps 
too soft for the forming process. 

[0052] Once the mixture is observed to be well plasticized. as indicated by hand or torque rheometer, it is formed into 
a body. 

[0053] The bodies according to the present invention can have any convenient size and shape. For example, for 
so hydrocarbon adsorption in engine exhaust purification, the preferred shape is a cellular body such as a honeycomb 
structure. 

[0054] Some examples of honeycombs produced by the process of the present invention, although it is to be under- 
stood that the invention is not limited to these, are those having about 94 cells/cm 2 (about 600 cells/in 2 ), about 62 
cells/cm 2 (about 400 cells/in 2 ), or about 47 cells/cm 2 (about 300 cells/in 2 ), about 31 cells/cm 2 (about 200 cells/in 2 ). 
55 about 15 cells/cm 2 (about 100 cells/in 2 ) or about 1 .4 cells/cm 2 (9 cells/in 2 ). Typical wall (web) thicknesses in catalytic 
converter applications, for example, are about 6 mils (about 0.15 mm) for 400 cells/in 2 (62 cells/cm 2 ) honeycombs. Web 
thicknesses range typically from about 4 to about 35 mils (about 0. 1 to about 0.9 mm). The external size and shape of 
the body is controlled by the application. 
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[0055] The forming can be done by any method that makes use of shaping a plasticized mixture. The preferred 
method of forming is by extrusion. A ram extruder is typically used, although any extrusion equipment known in the art 
carj be used such as a continuous auger or twin screw extruder. 

[0056] In forming honeycomb structures, it is preferred to extrude the mixture through a honeycomb die. 
s [0057] If desired, the formed body can be cut into parts of varying sizes. 
[0058] The resulting formed body is then dried. 

[0059] Prior to this invention for mixtures requiring a high water content i.e., at least 50% water which require slow 
drying to prevent cracking were dried by a technique of wrapping the bodies in aluminum foil and placing them in a dryer 
set at no higher than 100°C, typically at 95°C for a sufficient time to remove the water. The foil creates a humid environ- 
to ment so that the extruded bodies dry slowly and uniformly thus preventing cracking. Drying time can vary depending on 
the size of the body. For a 2.54 cm (1 ■) diameter, 22:9 cm (9") long honeycomb, the drying time is typically about 4 days. 
[0060] According to this invention, a portion of the water vehicle is replaced by the previously described organic acids 
and/or their derivatives, without appreciable affecting batch extrusion rheology. Results have shown that as water was 
reduced by the substitution of approximately an equivalent amount of oleic acid in an activated carbon or zeolite batch, 
is for example, honeycomb samples were dried faster, thus reducing very substantially the drying time of an extruded car- 
bon or zeolite honeycombs. 

[0061 ] For conducting powders, e.g., activated carbon, the drying method according to the present invention involves 
a humidity control procedure which can be preceded by microwave drying to remove a portion of the vehicle. 
[0062] Typically the relative humidity control procedure is carried out according to the following schedule. 

20 



Step 


T«(C) 


RH (%) 


t (hrs.) 


1 


35-90 


90-95 


1-7 


2 


88-95 


90-95 


1-7 


After steps 1 and 2, it is preferred to 
carry out the following additional steps: 


3 


90-95 


90-80 


2-6 


4 


90-95 


80-70 


2-6 


5 


90-60 


70-60 


2-6 


6 


60-30 


60 


2-6 



[0063] For conducting material, the green body can be preferably pre-dried under microwave radiation for a length of 
time immediately prior to arcing. The length of time can be determined experimentally and will depend on sample size 
and on the particular oven. 

40 [0064] If the material is non-conducting e.g., zeolite, ceramic, glass ceramic, glass, the drying is by either microwave 
or dielectric drying. The drying time depends on the amount of water, the size of the body and on the particular oven. 
For example, a honeycomb measuring about 20.3 cm (8") long and about 2.54-10.2 cm (1-4T in diameter, the drying 
time is typically less than about 15 minutes. 

[0065] Microwave and dielectric drying techniques are well-known in the art. Those skilled in the art can adjust the 
45 dielectric dryer in known ways to obtain low power drying, such as adjusting plate height, adjusting RF voltage, or 
adjusting drying time. 

[0066] Microwave and dielectric drying take a very short time. However, because dielectric drying is so fast, bodies 
containing a large amount of water normally tend to crack during the process due to a large non-uniform shrinkage. 
However, use of an organic acid and/or derivative as part of the vehicle according to this invention allows for non-con- 
50 ducting material bodies to be dried by these fast techniques without the cracWng seen in prior art methods in which 
water alone is the vehicle, due to much less non-uniform shrinkage. 
[0067] Depending on the powder, the dried bodies can be heat-treated or sintered. 

[0068] With an activated carbon body, the dried body is heat-treated to restore surface area to the body which might 
have been lost by the presence of the binder, clay, and resin. The temperatures for this heat-treatment step are usually 
55 1 000°C to 1 400°C for 2 to 4 hours in a non-reacting atmosphere e.g. , nitrogen. The heat-treatment temperature is more 
advantageously 1 1 00°C to 1 300°C. 

[0069] With certain ceramic, glass, or glass ceramic materials, and zeolite, the dried bodies are sintered as known in 
the art. 
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[0070] The bodies remain crack-free after heat-treating or sintering. 

[0071] Up to this time it was impossible to obtain crack-free honeycombs, especially large (about 12 cm or 4.75") 
diameter honeycombs dried either at room temperature or in an oven wrapped in foils, due to the large shrinkage (thus 
large stresses developed) in the samples resulting from removal of a large amount of water. 

5 [0072] Use of a nearly equivalent amount of oleic acid to replace water as part of the vehicle composition in a mixture 
containing high surface area powders does indeed reduce the drying shrinkage and stress induced for a crack-free 
body whether standing at room temperature or dried rapidly in a dielectric oven to cut down drying time. Also the rhe- 
ology of the mixture is enhanced to yield a perfect skin quality and cell knitting due to an effective plasticizing effect of 
oleic add. Such bodies can still be fired or sintered to obtain crack-free products. 

io [0073] In cases where the very fine cracks occur after drying but are not visible to the eye, sintering will show up these 
invisible cracks, especially in large bodies, e.g. (12 cm) 4.75" honeycombs. Therefore the advantages of the invention 
can be seen especially in large sintered bodies. Even if cracking due to drying is not a problem due to the plasticizing 
effect of the organic acids and/or their derivatives, there is still an advantage of adding the organic acids and/or their 
derivatives as part of the vehicle according to this invention even in relatively small amounts to enhance extrusion rhe- 

is ology so as to ensure against the possibility of cracking, especially in large sintered bodies. 

[0074] For rheology enhancement the range of effective oleic acid levels (wt% based on powder) can be 5-110% for 
a carbon batch, 5-60% for a zeolite batch based on the zeolite and Si0 2 as fired, and 5-30% for a ceramic, e.g. cordier- 
ite raw material batch. 

[0075] To more fully illustrate the invention, the following non-limiting examples are presented. All parts, portions, and 
20 percentages are on a weight basis unless otherwise stated. 

Example 1 (comparative) 

[0076] For comparison, the old drying method of wrapping a 22.3 cm (8.5") long sample with a foil at 95°C would take 
25 4 days to complete the drying. The sample was formed from a mixture of activated carbon which was about 80% BPL- 
F3 R and about 20% Nuchar R SN-20. about 6% Methocel A4M, about 2% PVA, 20% silicone resin 1-0469, and about 
20% Bentolite L R bentonite clay. 

[0077] The following drying data in Table 1 supported the need of 4 days: 

30 

Table 1 



Days at 95°C 


0 


1 


2 


3 


4 


5 


Weight of sample (g) 


84.00 


72.83 


53.90 


43.07 


40.32 


40.27 



35 

[0078] Results of studies on various effects of oleic acid compositions are summarized in the following examples. 
Example 2 

40 [0079] The addition of oleic acid was done by adding a specif ic amount of oleic acid to a dry carbon batch in a Little- 
ford mixer and mixing for about 3 minutes. The treated powders were then introduced into a muller where the rest of the 
liquids were added to plasticize the mixture. Honeycombs having a diameter of 2.54 cm (1 ") were dried in a relative 
humidity controlled oven (RHO) with a special relative humidity (RH) temperature (T), time (t) drying program. 
[0080] The three schedules used in the current studies were: 

45 



50 



55 
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Schedule A 


Step 


T°(C) 


RH (%) 


t (hrs.) 


1 


35-90 


95 


5 


2 


90 


95 


5 


3 


90 


95-80 


10 


4 


90 


80-70 


10 


5 


90-60 


70-60 


10 


6 


60-30 


60 


10 




t« • 




Total 50 


Schedule B 


1 


35-90 


90 


5 


2 


90 


90 


5 


3 


90 


90-80 


10 


(Steps 4, 5, and 6 similar to Schedule A) 








Total 50 


Schedule C 


(The first 2 steps similar to Schedule B) 


3 


90 


90-80 


5 


4 


90 


80-70 


5 


5 


90-60 


70-60 


5 


6 


60-30 


60 


5 








Total 30 



[0081] Various compositions of activated carbon, bentonite clay and silicone resin, oleic acid and water were extruded 
into honeycombs. 

[0082] The SR emulsion 1-0469 and GK-129 Bentonite clay were used. Honeycomb samples were produced using 
a die configuration of 0.019 nPa/508 pm (200 cpsi/20 mil) wall 457 jim (18 mil) skin. A few were dried under a specific 
RHO schedule, while the rest were still dried in foil at about 95°C/4 days. After drying, all were cured (230°C/30 min.) 
and heat-treated at 1100°C/4 hrs7nitrogen. Strength measurements were done on foil-dried samples. The samples 
dried in a RHO were solely for drying schedule study. 



Table 2 



THE MAXIMUM AMOUNT OF OLEIC ACID 




Water/oleic(%) 


RHO Sen. 


Strengths (psi) MPa 








RT 


250°C 


300°C 


350°C 


2-1 


157/0 (control) 




7.03(1020) 


7.58(1100) 


6.41 (930) 


5.93 (860) 


2-2 


107/40 


A 


4.69 (680) 


4.48 (650) 


4.69 (680) 


4.34 (630) 


2-3 


87/60 


A 


7.03 (1020) 


~6.895 (1000) 


6.21 (900) 


5.86 (850) 


2-4 


75/80 


B 


3.65 (530) 


3.86 (560) 


4.48 (650) 


3.17(460) 


2-5 


68/100 


C 


1.65(240) 


1.79 (260) 


1.86 (270) 


1.52 (220) 
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Table 2 (continued) 



THE MAXIMUM AMOUNT OF OLEIC ACID 




Water/oieic(%) 


RHO Sen. 


Strengths (psi) MPa 








RT 


250°C 


300°C 


350°C 


2-6 


65/80 


C 


11.65 (1690) 


11.51 (1670) 


12.48(1810) 


10.82 (1570) 


The carbon was about 80% BPL-F3 R and about 20% NucharR SN-20. 






Mixtures contained about 6% A4M Methocel and about 2% PVA and about 20% GK 129 bentonrte. 




Nos. 2-1 to 2-5 contained about 20% SR, and No. 2-6 contained about 40% SR. 







[0083] From above data, it was established that a nearly one to one replacement of oleic acid for water can be 
achieved in an activated carbon batch without affecting appreciably its rheology/extrusion quality. However, with a high 
100% acid (No. 2-5), the extrudate was softer. All samples could be dried in a relative humidity controlled oven neatly 
(with no damp oleic acid trace) and completely (confirmed by following the sample weights during drying) in the speci- 
fied schedule of 50 or 30 hours (vs ~150 hrs. for a control sample, No. 2-1 , without oleic acid in a RH oven). 
[0084] All samples showed excellent water stabilities. The strength fell off sharply as the acid content increased from 
0% (No. 2-1) to 100% (No. 2-5) in a 20% SR/20% GK composition. However, the strength remained high (>1000 psi) 
even with the presence of 80% oleic acid in a batch, if a high (40%) SR emulsion was used (No. 2-6). This suggested 
that the curing of silicone resin present in a large (>20%) amount in a batch would not be affected appreciably by oleic 
acid. 

[0085] In short, an equivalent replacement of oleic acid for water in a carbon batch could indeed cut down drying time 
very substantially (from about 150 to 30 hrs.) in relative humidity controlled drying with no adverse effect on extrusion 
quality due to the plasticizing effect of oleic acid. The maximum level of acid was around 100%. The cured and heat- 
treated sample showed no effect on water stability, but had poor strength (the higher the acid content, the lower the 
strength). However, strength can be restored if a high (40%) level of SR was used. 

Example 3 

[0086] The following tests were done to assess the drying efficiency of bodies made from activated carbon and sili- 
cone resin mixtures having the following composition and given in Table 3 below: activated carbon as 80% 
BPLy20%Nuchar, 2% PVA as Airvol 205S, 6% methylcellulose as Methocel R A4M, 40% silicone resin as 1-0469 and 
20% bentonrte clay as Bentolite L, except No. 3-5 which was about 20% silicone resin, and vehicle as given Table 3. 
Honeycomb samples of 2.54 cm (V in) diameter ,X and 27.59 cm (8.5T long and having 0.014 (200 cpsi) 508 *im (20 
mil) wall 457 urn (18 mil) skin were dried in a relative humidity controlled oven (RHO) under a 30 hour schedule (Sched- 
ule C) with or without a predrying in a microwave oven (MWO). 



TABLE 3 



Drying of carbon/SR samples containing oleic acid 




Water/oleic (%) 


MWO (min.) 


RHO Residual water (%) 


3-1 (Control) 


165/0 


0 


10 






2-3 


11-12 


3-2 


95/60 


0 


2 






1-2.5 


1 


3-3 


73/80 


0 


3 






1-2 


3 


3-4 


65/80 


0 


2 






1-1.5 


0 


3-5 


68/100 


0 


0 






1-1.5 


0 
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[0087] From Table 3 it can be seen that control sample 3-1 with only water as the vehicle could not be dried completely 
in 30 hours according to schedule C (left with £10% residual water). However, all mixtures containing oleic acid (3-2, 3- 
3, 3-4, and 3-5 with increasing acid and decreasing water contents) could be dried completely or nearly completely in 
the same 30 hour schedule. Thus the above data clearly show that use of oleic acid to replace water in a mixture con- 
5 taining powders with high surface areas (thus requiring a large amount of water for complete plasticization) can sub- 
stantially reduce the drying time (from 150 hours to 30 hours in a relative humidity oven). 

[0088] The nearly 1 to 1 replacement of oleic acid for water in the above mixtures did not affect the rheology of the 
mixture appreciably and still yielded honeycombs with a good skin quality and cell knitting due to the plasticizing effect 
of oleic acid. The final heat-treated properties of activated carbon honeycombs were very comparable to those obtained 
10 from batches without oleic acid. 

Claims 

1 . A method for making a crack-free body, the method comprising: 

15 

a) forming a wet mixture of powder selected from the group consisting of ceramic, glass-ceramic, glass, molec- 
ular sieve, activated carbon, and combinations thereof, plasticizing organic binder which is a cellulose ether, 
and vehicle, characterized in that the vehicle is water and an additional component selected from the group 
consisting of oleic acid , oleic acid derivatives, linoleic acid, linoleic acid derivatives, linolenic acid, linolenic acid 

20 derivatives, ricinoleic acid, ricinoleic acid derivatives, and combinations thereof, the vehicle content is 60% to 

200% by weight based on the powder content, and the surface area of the powder is at least 300 m 2 /g, 

b) forming said mixture into a green body; and 

c) drying the green body, 

and wherein if the powder is conducting, the drying which is optionally preceded by a pre-drying under micro- 
25 wave radiation is done by a controlled humidity drying procedure comprising the steps of 

i) heating the green body at a temperature of 35°C to 90°C at a relative humidity of 90% to 95% for a time 
of 1 to 7 hours, and thereafter 

ii) heating the green body at a temperature of 88°C to 95°C at a relative humidity of 90% to 95% for 1 to 7 
30 hours, and 

H the powder is non-conducting the drying is done by a method selected from the group consisting of micro- 
wave drying and dielectric drying. 

35 2. A method of claim 1 wherein the additional component of the vehicle is oleic acid, optionally in amounts of 5% to 
110% based on the powder content, preferable 20-1 10%. 

3. A method of claim 1 or 2 wherein the organic binder is selected from the group consisting of methylcellulose, 
hydroxybutyl methylcellulose, hydroxypropyl methylcellulose, hydroxyethyl methylcellulose, sodium carboxy meth- 

40 ylcellulose, and mixtures thereof. 

1 

4. A method of any one of claims 1-3 wherein the powder is selected from the group consisting of activated carbon 
and zeolite. 

45 5. Method according to claim 4, wherein the surface areas of carbon or zeolite are at least 600 m 2 /g or at least 4O0 
rr^/g, respectively. 

6. Method according to any one of the preceding claims, further containing at least one co-binder selected from the 
group of polyvinylalcohol silicone resin, and inorganic binders, especially bentonite. 

so 

7. A method of claim 8 wherein the vehicle is made up of oleic acid and water and the oleic acid content in the mixture 
is 5% to 60% based on the zeolite powder and the as-fired silica content in the mixture. 

8. A method of claim 1 wherein the forming is done by extruding the mixture through a die. 

55 

9. A method according to any one of the preceding claims wherein the mixture is formed into a honeycomb structure. 

10. A method of claim 1 wherein prior to the controlled humidity drying procedure for a conducting powder, the green 
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body is subjected to pre-drying under microwave radiation for a length of time immediately prior to arcing. 
Patentanspruche 

5 1. Verfahren zur Herstellung eines Bruch-/Ri3-freien KOrpers, wobei das Verfahren umfaBt: 

a) Bilden eines nassen Gemiscnes aus Pulver, ausgewahlt aus der Gruppe, bestehend aus Keramik, Glaske- 
ramik, Glas, Molekularsieb, Aktivkohle und Kombinationen hiervon, einem plastifizierenden organischen Bin- 
der, welcher ein Cellutoseether ist und einem Vehikel, dadurch gekennzeichnet, daB das Vehikel Wasser ist 
w und eine zusatzliche Komponente, ausgewahlt aus der Gruppe, bestehend aus Oisaure, Olsaurederivaten, 

Linolsaure, Unolsaurederivaten, Linolensaure, Linolensaurederivaten, Ricinolsaure, Ricinolsaurederivaten 
und Kombinationen hiervon, wobei der Vehikelgehalt 60 - 200 Gew.-% bezogen auf den Pulvergehalt betragt, 
und die Oberf lache des Pulvers mindestens 300 m 2 /g betragt, 

15 b) For men des Gemischs zu einem grQnen KOrper; und 

c) Trocknen des grQnen Korpers, 

und wobei, wenn das Pulver leitfahig ist, das Trocknen, dem wahrweise ein Vortrocknen unter Mikrowellenbe- 
strahlung vorangeht. durch ein kontrolliertes Feuchtlufttrocknungsverfahren durchgefuhrt wird, urrtfassend die 
20 Schritte: 

i) Erwarmen des grQnen KOrpers bei einer Temperatur von 35 - 90°C bei einer relativen Feuchtigkeit von 
90 - 95 % fur eine Zert von 1 - 7 Stunden, und anschlieBend 

25 ii) Erwarmen des grunen KOrpers auf eine Temperatur von 88 - 95°C bei einer relativen Feuchtigkeit yon 

90 - 95 % fOr 1 - 7 Stunden, und 

wenn das Pulver nicht leitend ist, das Trocknen mh Hilfe eines Verfahrens, ausgewahlt aus der Gruppe, beste- 
hend aus Mikrowellentrocknung und dielektrischem Trocknen durchgefuhrt wird. 

30 

2. Verfahren nach Anspruch 1, wobei die Zusatzkomponente des Vehikels Oisaure ist, wahtweise in Mengen von 5 - 
110%, bezogen auf den Pulvergehalt, vorzugsweise 20 - 1 10 %. 

3. Verfahren nach Anspruch 1 oder 2, wobei der organische Binder ausgewahlt wird aus der Gruppe, bestehend aus 
35 Methylcellulose. Hydroxybutylmethylcellulose, Hydroxypropylmethylcellulose. Hydroxyethylmethylcellulose, Natri- 

umcarboxymethylcellulose und Gemischen hiervon. 

4. Verfahren nach einem der AnsprOche 1-3, wobei das Pulver ausgewahlt wind aus der Gruppe, bestehend aus 
Aktivkohle und 2 eolith. 

40 

5. Verfahren nach Anspruch 4, wobei die Oberf lach en von Kohlenstoff oder Z eolith jeweils mindestens 600 m 2 /g oder 
mindestens 400 rr^/g betragen. 

6. Verfahren nach einem der vorangehenden AnsprOche. wobei weiterhin mindestens ein Co-Binder enthalten ist, 
45 ausgewahlt aus der Gruppe, bestehend aus Poiyvinylalkohol-Siliconharz und anorganischen Bindern, insbesond- 

ere Benton'rt. 

7. Verfahren nach Anspruch 6, wobei das Vehikel aus Oisaure und Wasser zusammengesetzt ist und der Olsaurege- 
halt in dem Gemisch 5 - 60 % betragt, bezogen auf das Zeolithpulver und den Gehalt an gebranntem Siliciumdioxid 

so in dem Gemisch. 

8. Verfahren nach Anspruch 1 , wobei das Formen durchgefuhrt wird, indem das Gemisch durch eine Form exdrudiert 
wird. 

55 9. Verfahren nach einem der vorangehenden AnsprOche. wobei das Gemisch zu einer Wabenstruktur geformt wird. 

10. Verfahren nach Anspruch 1, wobei vor dem kontrollierten Feuchtlufttrocknungsverfahren fur ein leitendes Pulver 
der grune KOrper fur einen Zertraum unmittelbar vor Bogenbildung (arcing) einer Vortrocknung unter Mikrowellen- 



12 



EP 0 700 882 B1 



bestrahlung unterzogen wird. 
Re vend i cations 

5 1 . Precede de fabrication d'un corps exempt de fissures, le procede comprenant : 

a) la formation d'un melange' humide d'une poudre choisie dans le groupe constrtue par une ceramique, une 
vitro-ceramique, du verre, un tamis moleculaire, du charbon active et leurs associations, d'un liant organ ique 
plastrfiant qui est un ether de cellulose, et d'un vehicuie, caracterise en ce que le vehicuie est de I'eau et un 

w composant supplemental choisi dans ie groupe constitue par I'acide oleique, des derives d'acide oleique, 

Tacide linoleique, des derives d'acide linol eique, I'acide linolenique, des derives d'acide linolenique, I'acide rici- 
noleique, des derives d'acide ricinoleique, et leurs associations, la proportion de vehicuie est de 60 % a 200 
% en poids par rapport a la quantite de poudre, et la surface specrf ique de la poudre est d'au moins 300 m 2 /g, 

b) la transformation dudit melange en un corps cru, et 
15 c) ie sechage du corps cru, 

et dans lequel, si la poudre est conductrice, le sechage, qui est facultative ment precede d'un sechage preala- 
ble sous rayonnement de micro-ondes, est effectue par une procedure de sechage avec contrdle de I'humidite 
comprenant les etapes de 

20 i) chauffage du corps cru a une temperature de 35°C a 90°C a une, humidite relative de 90 % a 95 % pen- 

dant un temps de 1 a 7 heures. puis 

ii) chauffage du corps cru a une temperature de 88°C a 95°C a une humidite relative de 90 % a 95 % pen- 
dant 1 a 7 heures, et 

25 si la poudre est non conductrice. le sechage est effectue par un procede choisi dans le groupe constrtue par 

un sechage par micro-ondes et un sechage dielectrique. 

2. Procede de la revendication 1 , dans lequel le composant supplemental du vehicuie est I'acide oleique, facultati- 
vement en des quantites de 5 % a 1 10 % par rapport a la quantite de poudre, de preference de 20 a 1 10 %. 

30 

3. Procede de la revendication 1 ou 2, dans lequel le liant organique est choisi dans le groupe constitue par la methyl- 
cellulose, Itiydroxybutylmethylcellulose, rhydroxyropylmethylcellulose; rhydroxyethylmethylcellulose, la carboxy- 
methylcellulose sodique. et leurs melanges. 

35 4. Procede de Tune quelconque des revendications 1 a 3, dans lequel la poudre est choisie dans le groupe constitue e 
par un charbon active et une zeolite. 

5. Procede selon la revendication 4, dans lequel les surfaces specrf iques du charbon ou de la zeolite sont respective- 
mentd'au moins 600 m 2 /g ou d'au moins 400 rrf/g. 

40 

6. Procede selon Tune quelconque des revendications precedentes, contenant, de plus, au moins un liant auxiliaire 
choisi dans' le groupe constitue par un poly(alcool vinylique). une resine de silicone et des Hants mineraux, notam- 
ment une bentonite. 

45 7. Procede de la revendication 6, dans lequel le vehicuie est constitue d'acide oleique et d'eau et la proportion d'acide 
oleique dans le melange est de 5 % a 60 % par rapport a la poudre de zeolite et a la quantite de silice apres cuisson 
dans te melange. 

8. Procede de la revendication 1 , dans lequel la transformation est effectuee en extrudant le melange a travers une 
50 filiere. 

9. Procede selon I'une quelconque des revendications precedentes, dans lequel le melange est transforme en une 
structure en nid d'abeilles. 

55 1 0. Procede de la revendication 1 , dans lequel, avarrt la procedure de sechage avec corrtrSle de Thumidrte dans le cas 
d'une poudre conductrice, le corps cru est soumis a un sechage prealable sous rayonnement de microondes pen- 
dant une certaine duree immediatement avarrt la formation d'un arc. 
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